
st t

;V'Dp.,_'"" OX'-:,-'r."; ELE(..I ....... C REGE:;I'!'-\ TW-" F"EL t.,.I,L_-...... , . o_ .,,_.j... . "':')('t; t-""i • ~, , "r: t"

}:r,-par.:t_ for

. o • . , ca_ • -. . • . .

.-% 5-O;_6tJ. _-'LU*iLtu'[iL.: dit'i Ol_*l't ZiU:.:'.:J.SL-J[ '.t't,

L_,::isRt._st-archCenter
T._ • ;o i:#[)".'B,-oo]: [,ar'_:,(as

C---,'el.-nd35 Ohio

AL'_:: L. G. Soitis

Co-:tract NAS 3-278[

EOS Re-port 4[ lO-:-ff,-14 I0 Ik:ce.,b,.-.-r1964

'--reparcs by

4 _.,K;ein
k\%

Approved by:



1" ,m.

TABLE OF CO';TEI,'TS

I. Introduction l

__. L_chn_ca_ Discussion 2

2.! Single Cell Yests 2

°.9 H,:it._-C_'; 75-':nit Unit To_t!ng 4

2.3 Asbestos Studies 9

3. P_a:.._for the Next Period 10

-_. Financial Statement ].l



m

f

I, IS_I OF ILLL-STI_V_IO':S

Fig. 1 112-02 Regenerative Fuei Ceil Increased

Capa_.ity Tcs t 5

Fig. 2 Ill-'J_Regenerative Fuel Cell Increased Capacity- g "2

Test Pressure 6

Fig. 3 IJe--O9 Regenerative Fuel Cell Cycle Performance of

Six Cell T, • _ ,, _-_'alt ./-. 102 8

5"

i"



J.. INTRODUCTION

"this rapo-rt reviews the progress made on development of a hydrogen-

• _,^o Contrac_ 3_o7:_icxygen regeneral.iv_ [uel ceil, ..,_ ..... , during the period

November 7--December 6, _9 _4. During the period covered, a number of

single ceil tests _¢ere conducted, and a 6-cell 75-watt unit was also

assembled and tested. Data for tests of these cells is presented in the
%

report.
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• ' _r. T. • rt-r "c_ "2 _E,,F[NICAL_ _SCU_olOE

2. ! 5_ip?,]c:Ceil ",'._est_=

Table _ surmlarizes the single cells subjected to test during

this pe'riod. Cell No. 25 was subjected to a range of different current

dJscharge:s at elevated temperature (125°C) to determine perfor_mnce

capabilities. Data for this cell was presented in the previous monthly

progress reporc. Testing oi this cell was discentinued in orde_ to

use tileinstrumentation with the 6-cel!, 75 waut unit.

Cell No. 26 was assembled to demonstrate, single cell

pe-rformance to the NASA technical monitors of the program_ who visited

EOS during this period. This cell was cycled 2 times, and subjected to

disdharges at various currents from ]0-91.5 amps, for short periods of

time. The ce!l was then al!o_ed to sit overnight at the eleva.ted temp_ra-

ture, after.which, the mat was removed _ and the KOH concenr.ration was

analyzed. I£ was found to have dl_opped from 40 -to 34 :percent KOH.

Considering the continual losses of KOH observed in hells, thus far, .it

was. dec%de@ that a special series of s-Angle cell tests will• be cqndueted

_in the next period in order to es._blisii a b_ttcr .understanding 0f the
& - ",

cause or the KOH deter-ioration. : _ :

Phase II of the program calis for a 500-watt unit with indi#Iduai

.. cells of 6-1nch diameter h_ving a capacity of 211amp. hours, Pre_rio_s

work has .been done ._ith "thel-6,gincI_ diameter ceil-of homina.1 ;I0 •amRi. hour

. capacity. I orderto _£nerease c _ity, it w1!i_be necesss_ t_ ._:i[",

"-_. rearrange the ma°t_-.c6mpgsit_n ¢ompr_s _£on_:d_y_wei_h_., and elec___:_._--_._ - ., .. .- :.,...... ,.-- .,.'..:,-'. . . .." ., , --_.- , .[ -...,-." --:_,_,., j%_:_:<'__-°%-i'_._"
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using the fixed volume single cell, the cell was charged to 500 psi.

When the first discharge was started, a noise was heard in the cell, and

rapid pressure drop noted. The test was then stopped, the cell vented,

disassembled and examined° The nmt periphery looked as if it had :.een

eaten away, and there was a black deposit in the gas compartments.

(L_ote_" , ti_e edges were •no,. rubberized) It was decided that the mat had

possibly been placed off center, and therefore ceil No. 28 was assembled

using t_,e same mat arrangement.

The mat configuration of Ceil No. 28 provided increased capacity,

but did not F,rovidc the full 21 amP heurs desired. Voltage rose high

at the end of charge indicating the drying out of the mat. Therefore,

initial discharge voltage was quite low, and at the end of discharge,
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:xception that the oxygen electrodes consisted of a laixed catalyst, ._.eo,

I0 Ing. of platim,m, and10 mg. of palladi,,m per sq. ctn. In addition,

insulating washers that we.re used on stack bolts were fabricated out of

_la.;s epoxy rather than the pr,:vious]y used ny].m3 in order to prelent

.I i rremx_ng of the washers during load at c ,-.tedtemperatuces.

65 minute cha,'ge. Duri_q the first L_m cycles, the tempersture was

gradually raised, and the unit disc|mrged at approxinmtely 15 amps. at

5.2 volts. For the remaining 14 cycles, perforr,mnce increased slightly,

and the discharge cur.rent was s__ at approximately 18 amps. The unit

was cycled only during the day. Overnight the unit was kept at elevated•

t=mperature. Prior to shut down. the unit"was vented of ,_ll pressurized

gas, and the following morning was repressurized to the original pressure

level c the previous' evening° Figure 3 shows a typical charge-discharge

curve of the cell during the cycling _eriod. On the morning foll_ing

the 16th cycle, when the cell was being pressurized to be put into service

it was noted that:there was cross leakage between gas comparnuepts, and

tLe cell was not capable of holding a different-ial pressure. In addition.,

a slight rise in temperature was recorded internally in the cell (15°-20 °)

_ during this filling period, it was decSded, that for some unknown reason,

gas Jeakage was occurring, and possibly recombininglon one of the =lectrod

surfaces. The unit was therefore disassembled and examined.

. Examinationof the .disassembled unit revealed that.-th_ ;tack

' bolts had relaxed consider-ably, Thesebolts wereinitlally torqued" to;
• ... : - -..:-.-._

75 inch/.p0qnds, _nspection-of the unii_ rev_e1._, that the bolts _er_ :vl...f

- - essentia 1!Y at .0 torque after the :testing per._od, A.I_-!._la_os _,._..t_e.-.-.._.-<:
': - : .... ..- , , :, " , " - .- , . -" - ;. .."-:' "" .- -_-." .... 79>_
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within the entire assembly. It was noted, hoverer, in a :Te_: places that-

t_', i._.ckel plating of tile magnesium separators had pcai,_.5 awa-- slightl--.

Anatys .s o _ electrolyte concentrotioll(within two of the "hats of tile

.lis,_ssemblr,d.celt, revealed concentrations of 33 and _-°4p,:rcenr KOi!.

2.3 Asbvst...._'-_die'_

Pre!tminary tests of permeability of f;:el cell asbestos _.ere

cond.acted. (ihe test arrangements for these tests are described it_ ._i,.-

tenti_ nonthly report.) i_._.i._asbestos, as compared to the ether types

pre;,%o:islv tested, has a hi:._h-r re._istance to ga._ leakage. "he 0.05il

thick .-.--_,t{_._ gins.) c,,ntairing 29 gins 40 peree,:t KOH, _hich is the

configuration vsed in the recent cell test, sh_m-;,.-dno leakagL, up to 20 psi.
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3. PLkES FOI_ TIlE !;F_:T PERIOD

During the next period, a series of single cell tests will be run to

estabI.i_h a pattern, and obtain a better underst_:ding of the cause for

: electrolyte deterioration and consumption during cycling.

_ In addition, single cell tests will be continued in an attempt to

determine the right configuration for increab-ed cell capacity. Another

: complete single- cell and instrumentation will be fabricated and assembled

to increase the rate of testing. -Initial design work will be conducted
i

on t.he500-watt multi-cell unit. --

In order to complete permeability data, additional=tests wil:l be
L

: conducted to evaluate the effect of. thickness and number of mats on

.. " per_eabili_y. -:

: = _ -L

L

.-. -;-'=. . _ .. _ : : _ _ . .: .:-

- . . - - _ . : _ -.- .- .:

::_-..3:"._ . : ".. , "" .- " . _ . "=: .. . ." :: " - ...j ":.,

" :" : i: "'. '-o.:-_-¢._,_.-- .--': " _ " : --- " :-_ " % S -; :-. l: - - .. " . " " -- - -: "::--_ - " _ --" -"''_ - :" " "" - : _ ::-..--.-:--_.,:':.-C---

.-,_-'_.. r.-:.',"__.-.[.-:_-:v:_=-_v:-_.._ -_:.. _ _- ..-.: -_-- ;.- : -'.--- . .. -_ -_ :.- .-_._..-_:..-:_" _ .... _--..- .-- -_- - .0 -: - :1:_.-5"" ., _.-j.:_ ::_.: :_- -..-

"'._.. :."'_:_-_,_".-_:..',_,_.- --'-"-_.'---- '-. ,:- =- :-:-.-" -.,:-" :_.' , ;--'_ .... " .-.-'_- " ".. : ---.. -,c "-:_-::- ..-" " -.:.-: -" '_ ....<__._--_._..___ --_ -<
:._%.._ _.;, "_ ..<._..-x_-___-,. ._. " "_-_ -'-_'_--"_ -'_" .... "-_" _-_: " - :-':*-C-_-":" _"--:" " "-" " " ':_,_-_ _, "*'-_' _ '-'_ " :>_-_- ,'" - ": "J :-_-'_K_:_<_--_'Y'-_ --_-'_"
" '-_,-_'.¢_'::'* -_'_'_,'_2 _-. :'. -_" "_ "--'_ _-: -- "--_-_: G-" " _ - - "%,_'> " " "_ - -" -" - : -': " " " : - • "-_ -'_ _'- - ";'_:'----_-' _ "_='_,

_:,r:_,__- _,-:_: -,.... _ .... • "-'_- ._ --_.X_-.:_: -_-<_.'---,:--"_: " "----..-.=:-:_:-_._,.-.-_;__',..-."::='.. "._,_.,._,,..::_'_:_,__-._-:.A_

"-_T_i__.__.r_/?:;¢',. • ._Z _ "T..'_-': ?_ : .---_"%-_ -'-=_ :.'v- _.- z'<, ,_._- _ . -:--j.:.5o':'- _.':'5 ,::,_.. _i:..._ "._,['_:_-_-.:-_. _" .'_;_.,_;,:;_ _. ._;_?- ':.'_._.i. _ _,._C_...,_,.. . £..._.-_

._... - y;_- -:-'_ _J?', _::$,_._.._.'_._ _--'_._-._-:_., :.4_-_-._,--.':"_,,...--:-..,<" _.--,-__:_,.:_- ._. _,.-., ,_.--_c._-i,.,:v_-,e__:_._'-.,..,._-..._,s':.._ .- = ,):'.-_X_ _:_-._'--__ o

__._" . _.,._.9_"_:e'_ :_: _-*:._"""_,'_:_:';,*_'_--_'_:_'.-_."A'.'-" ." " ._,z'-: :":: " _.:_:-e:. _-: _..__ . "_; . " _-_ _3:2_--_'.--;'-':_-_" .'_" ".'. " --_" " .," .',< _,_,_,_ _': -_'_=_.:. _,_%,_

..... t .i! __I_'-M

XXXX-O'I 3



¢ f

4 . FINANCIAL Sb_E_'.E',_T

_La_;hours and dollar ° expenditure for the period October 30

through Deck-bet 4, 1964 were as foll_-s:

Direct Labor l!ours 350

Direc t Labor Dollars _2,637.t)2

Purchases and Cc,.r_.li_nents [ _527.65

Tota i Do Ifar Expendi turo _ lO, 845 _13


